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Method for- Producing Pertussis Toxoid ^ 
This inveng ^on ^lS^r^-'a'-ineeilod- of producin* 
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pertussis toxoid. 

Whooping cough is an infectious disease caused by 
Bordetella p ertussis and produces serious effects especially 
in infants. 

Vaccines have heretofore been employed for the preven- 
tion of this disease. However, because such vaccines are 
conventionally prepared from the whole cells of the causative 
bacterium, they give rise to fever and other -serious side 
effects. It has therefore been an urgent social need to 
overcome these disadvantages. 

Many attempts have been made in which an effective 
component only is isolated from Bordetella Ei^ gj^ phase 
I strain and made into a vaccine', but none of the proposed 
procedures has been found to be satisfactory. Meanwhile 
the proposition that the infection by Bordetella pertu^s 
lies in the exotoxin released from the' said bacteria (M 
Plttmann: "Reviews of Infectious Diseases" , 1, p. 401-1*12, 

^. ^ 4-v, ^o^ihintv of protection by means ol a 
1979) suggested the possibility oi pi >-»u 

9 ^ A \ . , hnt ^ere has been no report indicating the 
pertussis toxoid but tnere iwa 

success of obtaining a pertussis toxoid. 

Against the above technical background, the present 
inventors have for the first time succeeded in producing 
a pertussis toxoid by a new method of detoxification 

Thus, the object of this invention is to provide a 
method of producing a pertussis toxoid which is low in 
toxicity an M s a^ery high immuni zing potency 
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The said object can be realized by removing endotoxin 
from a culture supernatant or a concentrate thereof and 
flocculating pertussis exotoxin in the resultant fluid by 
permitting formaldehyde to act upon the fluid in the sub- 
stantial absence of basic amino acid. 

In accordance with this invention, there is employed 
a culture supernatant of a Bordetella pertussis phase I 
strain or a concentrate thereof. °The cultivation of the 
Bordetella pertussis phase I strain can be carried out in a 
ma nn er" k n own per se . Thus, for example, the strain is 
cultivated in a liquid medium (Cohen-Wheeler medium, Stainer 

6 Scholte medium, etc.) at about 35 to 37°C for about 5 to 

7 days. The supernatant of the resulting culture is 
collected by filtration or centrif ugation . Either this 
supernatant fluid or a concentrate thereof can-be used in the 
subsequent step of removing its endotoxin. The concentrate 
can be obtained by salting out which is conventional per se. 
Thus, for example, 2 to 5. kg of ammonium sulfate is added 

to 10 £ each of the culture supernatant and, after 
mixing, the precipitate formed is collected by an expedient 
technique such as filtration or cent r if ugation . This 
precipitate is then dissolved in a suitable amount of 0 . 05 M 
phosphate buffer supplemented with 1 M sodium chloride,- and 
the supernatant is obtained by centrifugal sedimentation or 
the like procedure to give a concentrated fluid. 

In accordance with this invention, the above-mentioned 
supernatant or concentrate is treated to remove its endotoxin 
This removal of the endotoxin can be accomplished by any of 
such procedures as sucrose density gradient centrif ugation, 
potassium tartrate density gradient centrifugat ion , cesium 
chloride density gradient centrifugation, gel filtration, 
etc. A particularly advantageous procedure comprises 
centrifuging the above-mentioned supernatant or concentrate 
on a sucrose density gradient of about 0 to 60W/W % at R 
max. about 62,000 to 122,000 G for about 10 to 2*4 hours. 
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The most essential feature of this Invention Is the 
step of flocculating pertussis exotoxin In the above obtained 
pertuLls exotoxin fluid by permitting formaldehyde to act 
"upon the fluid in the substantial absence of basic , amino 

4 -t . chc.i-ont-iallv detoxified to 
acid whereby the exotoxin is substanuaixy 

acid, wner * pre cipitated-purif led 

vield pertussis toxoid. Thu., tne pj. t- 

effects cannot be achieved with the pertussis toxoid ""id 
Prepared " y P er m lttln g formaldehyde to act upon the P.rt»..i. 
"exotoxin fluid In the substantial presence of basic amino 

Orally ^-conventional bacterial exotoxins such 

«1» Eive only loose binding between formal- 
as diphtheria toxin & 4 mnn ^Oble to obtain a 

uehyde and toxin molecules and It was ™°ZT^ e substance 
stable polymerize without the »« per _ 

such as a basic amino acid . « ; I. ^ unexpeot edly 

? ° - — ^ SU ° h f 

ITno acid promotes on the contrary the » «* 

the exotoxin to give a flocculent antl g en mass T " s 

promotes the Increase of Immunity-competent molec 1 e size , 
25 potentiates the immunogeneclty and, hence, enables 
production of a high-potency pertussis *°*° ld - 

The above flocculating treatment Is carried out by 
/ »Hn (1 e 37 W/V % aqueous solution of formal- 
adding formalin (l.e 37 / ^ ^ ^ pei . tussla exotoxln 

dehyde) or a dilution thereoi 10 mM) of 

3 0 fluid in the substantial absenc e ( l^e. !•» ^ 

basic amino «" ""fc^^ substantially detoxified. 

until the pertussis exotoxin i or lts al lutlon 

It is usually advantageous to *™* [™"^^- la amln o 
. „ith the exotoxin fluid, with no addition of ba 
35 Lid at all, to give a concentration of about 0.1 to 0.6 

V/V * in terms of formalin and incubate the mixture, 
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without further addition of formalin or its dilution up 

to a total concentration within the above range, at about 32 

to H 2°C for about 3 to 1h days. 

By the above treatment, the pertussis exotoxin is 
5 flocculated and thereby detoxified to yield^ff flocculent 

pertussis toxoid mass-containing suspension. The resultant 
flocculent toxoid mass in the suspension is dispersed by a 
suitable technique such as ultrasonica t ion at about 10 to 50 
kc to give a toxoid fluid. 
10 In the method of this invention, a dialysis treatment 

may be interposed between the respective steps. Such dialysis 
can be carried out in a per se conventional manner. 

Exactly in the same manner as the whole cell whooping 
cough vaccine fluid, the pertussis toxoid fluid thus 
15 obtained can be processed into a precipitated-pur if ied 

pertussis vaccine or a precipitated-pur if ied pertussis© 
diphtheria-tetanus trivalent vaccine and can be administered 
to humans. 

The following Examples are further illustrative but 
20 not limitative of this invention. 

The properties of Tohama phase I strain of Bordet ella 
pertussis employed in the following Examples are disclosed 
in e.g. ~~" Infect ion and Immunity", 6, p .-8-99^90*1 (1972). 
This strain has been maintained at National Institute of 
25 Health, Tokyo, Japan (NIHJ) , and deposited at also Institute 
for Fermentation, Osaka, Japan under the accession number of 
IFO-14073. 

Throughout the present specification as well as in 
claims, the abbreviations "ug", "rag" , "g", "kg", "mil", 
"°C", "mM" , "M" , "r.p-m.", "kc", "R max." "G", "IU" and "Lf" 
respectively refer to "micr ogram ( s ) " , "milligramC s ) " , "gram(s)", 
3 "kilogram(s)" , "millilit er ( s ) " , " lit er ( s )"," degree ( s ) 

centigrade", "millimolar concentration", "molar concentration", 
"revolution( s) per minute" , _ "kilocycle ( s ) " , "Radius maximum", 
"gravity", "international unit(s)" and "Limit of f locculat ion" . 
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inoculated In a Bordet-Gengou m'edium prepared from potato, 
peptone, sodium chloride, agar and bovine blood and incubated 
at 35°C for 2 days. Then, the translucent circular colonies 
were picked up and a colony reactive to the K agglutinating 
antibody was developed again on a Bordet-Gengou medium for 
use as a seed culture. A production medium was prepared by 
autoclaving a Cohen-Wheeler liquid medium (Table 1, hereafter) 
at 121°C for 60 minutes and cooling it immediately to about 
40°C This medium was preserved at 37°C. 

The seed culture prepared above was added to this pro- 
duction medium to give a terminal population of 200 to 300 
million cellsM, stirred well, inoculated into Roux bottles 
at the ddse of 0 . 2 I per bottle and immediately cultivated 
in an incubator at 37°C. The incubation period depended on 
the cell growth conditions. The maximum cell yield was 
attained at the fifth day when the hemagglut inat ing (HA) 
titer of the culture fluid against chick erythrocytes 
(as determined by the method described in "Infection and 
immunity", 7, P • 992^999 (1978) throughout the present spe- 
cification) was also" at a peak level. Therefore, the fluids 



were pooled and centrifuged, and 20.2 W/V % at ammonium 
sulfate was added to the supernatant. After stirring well, 
252^ the mixture was allowed to stand at *°C. After 7 days the ... 
supernatant was siphoned off and the sediment was collected 
and centrifuged at 8,000 r.p.m. for 10 mln utes The . super- 
natant was discarded. To the sediment was added 1/10 of the 
Tolume of the fluid pool of 1M sodium chloride-0 0 5 M phosphate 
buffer (PH 8.0), and the mixture was stirred well. 
mixture was allowed to stand again at 4°C for 7 days, after 

t was centrifuged again and the supernatant was collected 
Extract I). This supernatant was rich in fimbriae, leukocy- 
tes is promoting factor (hereafter ,PP) , histamine sensitising 
factor (hereafter HSP) and endotoxin but free from cells. Extract 
was reconcent rated, an equal volume of saturated ammonium 
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sulfate (adjusted to pH 8.0 with ammonia) was added thereto 
and the mixture was allowed to stand at 1°C for 7 days. 
This ammonium sulfate fraction was centrifuged at 10,000 
r.p.m. for 20 minutes to harvest the sediment and 1/300 of 
the volume of the fluid pool of 1M sodium chlorlde-0 . 05M 
phosphate buffer (pH 8.0) was added thereto. After thorough 
mixing, the mixture was put in a dialysis tube of semiperme- 
able membrane to remove the ammonium sulfate, using a 1M 
solution of sodium chloride (pH 8.0) as the external fluid. 
The dialyzed concentrate was then subjected to the following 
sucrose density gradient centrif ugat ion . 

A previously sterilized centrifugal rotor (capacity 
1700 mO and seal assembly was driven at a low speed and 
1300 ml of 5 W/V % 'to 30 W/V % sucrose solutions were fed 
by means of a gradient pump. Then, 100 m£ of the above 
dialyzed concentrate was fed and 300 ml of an overlay fluid 
(0.5M sodium chloride solution, pH 8.0) was introduced. The 
rqtor was driven at R max. 89,^00 G for 18 . 5 hours. 

After centrifugation, 3^ W/V % sucrose solution was 
introduced at a low speed and the fluid within the rotor was 
collected in 50 to 100 ml fractions (collection of fractions) 
This collection was commenced from the low sucrose density 
side and the high HA-reactive (not less than 20 titers per ml 
preferably not less than 500 titers per ml ) and endotoxin*- 
lean fractions were harvested. The scarcity of endotoxin 
was Judged by a rabbit pyrogenicity test. Thus, each 
fraction sample was heated at 100°C for 3 minutes and diluted 
to 20 HA titers/mJt with physiological saline. This dilution 
was intravenously administered to rabbits at the dose of 
1 ml per kg body weight. The fractions which did not cause 
fever within 3 hours were selected and pooled as the excHfcsxin 

fluid. * 

The exotoxin fluid was diluted with M/250 phosphate 
buffered saline (pH 7-0) to a prot einaceous N content of 
about 50 ug/m£. In this step, gelatin, Tween 80 (polyoxyethy 
lene sorbitan monooleate; Kao-Atlas, Japan) and thimerosal 
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were added to give the concentrations of 0.02 W/V % of 
gelatin, 0.05 V/V % of Tween 60 and 0.01 W/V % of thimerosal. 
To this fluid, without the addition of any basic amino 
acid, was added formalin to-a concentration of .0.2 V/V % in 
5 an incubator at 39°C and,- after- thorough mixing, was allowed 
to stand in the same incubator. After one day, an addit ional 
amount of formalin .was added to a concentration of 0.3 V/V % 
and, after thorough mixing, the mixture was further incubated 
in the same incubator. After an additional 2 days, formalin 
10 was further added to a concentration of 0 . U V/V % and the 
j mixture was stirred well and further incubated in the 
j incubator for a total of 5 days. The resulting flocculated 
; toxoid mass-containing suspension was dlalyzed against 0.01 
V/V % formalin-physiological saline as the external fluid. 
15 This dialysis was carried out by dialyzing the above suspen- 
sion in a dialysis membrane tube against 12.5 times the 
volume of the internal fluid of said external fluid in a 
>/T? cold room (1°C) for 2 days, with the external fluid being 

constantly agitated. The external fluid was replaced with a 
20 f r esh one 2 days later and the dialysis was repeated. The 

dlalyzed flocculent toxoid suspension was subjected to various 
tests applicable to pertussis stock vaccine and, then, used 
as a stock toxoid fluid. Before the preparation of a final 
bulk, the flocculent toxoid suspension was ultrasonicated 
25 (io kc 3 5 min.) and filtered through a 400 mesh strainer 

(Japanese Industrial Standard) to give a final pertussis toxoid 
fluid. As a control, the exotoxin fluid was treated with 
formalin with addition of 0.05M L-ly sine and subsequently 
treated as above to obtain a control fluid. 
30 The pertussis toxoid fluid obtained as above and the 

control fluid were each treated according to the method of 
Levlne (Reo Levine, Joseph L. Stone & Louise Wyman : Factors 
affecting the efficiency of the aluminum adjuvant in diphtheria 
and tetanus toxoid. J. Immunology 75, p- 301^307, 1955)- 
35 Th us, each fluid was diluted with M/250 phosphate buffered 
<g"2^ saline CpH 7-0) to a protenaceous N content of 20 ug/m£ or 
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less, followed by addition of aluminum chloride to a concen- 
tration, of 0.18 VJ/V % . The mixture was stirred well and 
adjusted to pH 7-0 with hydrochloric acid or sodium hydroxide 
to give an aluminum-precipitated vaccine of about 0.2 mg in 
terms of aluminum / m*, - " The properties of these products 

are shown in Table 2. After statistical processing, LPF 
is acceptable when it is not more than the equivalent of 0.5 
LPU (Leukocytosis-promoting units as determined by the method 
described in "Medicine and Biology", 83, P . 117^12 3 ) /m£ and 
10 not acceptable when otherwise. Similarly, HSF is acceptable 
when it is not more than the equivalent of 0.8 HSU (histamine 
sensitizing units as determined by the method described 
31,^^ in "Journal of Biological Standardization", 7 (1979), 

p ( 21^-29 )/m£ and not acceptable when otherwise. The mouse 
15 protecting potency, similarly after statistical processing, 
is acceptaole when it is at least 8 IU (challenged 3 weeks 
after the immunizat ion) /mi. or more and not acceptable when 
otherwise . 

As is clear from Table 2, in accordance with the 
20 detoxification method of this invention, no rejects were found 
in regard to any of LPF, HSF and the mouse protecting potency 
throughout 1*4 consecutive production batches, the mean 
potency being 13-5 IU/m£. In contrast, when L-lysine . had 
been added, a 23-batch series of production yielded H LPF 
rejects, 8 HSF rejects and 10 potency rejects, and the overall 
"acceptables " accounted onl y for 6/23=26%. 
— 1 Table 1- 

Soluble starch 
NaCl 
K H 2 P0 4 
MgCl 2 -6H 2 0 
CaCl 2 

CuSO i4 -5H 2 0 
Sodium L-glutamate 
35 Nicotinamide 
Casamlno acid 
Cysteine hydrochloride 
Tris-buffer 
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Th e above component. ■«« diluted with distilled water 
150 f. adjusted to pH 7.0 to 7.2 and sterilised. 



Then, t he following substances — added 
— ^athione (reduced for.) 50 »» U ^ ^ 



50 

PeSO^- 7H 2 0 
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Example 2 

' The pertussis toxoid fluid obtained in Example 1, 
the diphtheria toxoid fluid meeting the Japanese Biological 
Products Standard and the tetanus toxoid meeting the same 
Standard were precipitation-treated as in Example 1 to pre 
HZ a precipitated-purifled pertussis-diphtheria-tetanus 
r/ivallt vaccine. The composition of this vaccine was as 

f0ll ° WS: Proteineous N content; ca. 15 Ug/ml 
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Pertussis toxoid 

Diphtheria toxoid: ca. 30 Lf/ml 
Tetanus toxoid 
Aluminum 
Thimerosal 



ca. 5 Lf/ml 
ca. 0.2 mg/ml 

^^pal proper'iesTf this trivalent vaccine are 
as follows: Hydrogen ion concentration (reciprocal .7 0; 

fdiluted 50-fold with saline and inject- 
rabbit pyrogenicity ^aixuteu 

rabbit py t, weight ), negative ; mouse 

ed intravenously at J. m±/ ^ RW DU 

body weight loss, not more than the equivalent of 10 BWDU 
<lZy weight decrease units as determined by the method 
tBoaj, weib ii5*-i35)/ml; mouse 

described In J. Ned Scl Biol £1, 115 35 equivalent 
leukocytosis promoting activity, not m more 
of 0 5 LPU/ml; mouse histamine sensitizing activity, 
^an'the equiCalent of 0.8 HSU/ml ; pertussis toxoid potency, 
^equivalent of 8 lU/ml ; diphtheria toxoid potency, the 
equivalent of -5 lU/ml , tetanus toxoid potency, the equlva- 

ipnt of 30 IU/ml . 

The trivalent vaccine can be administered to humans, 

for example, by the following schedule: 

To infants of 3 to 48 month-age 0.5 ml- each of the 
vaccine is inoculated subcut.neously 3 times with interval. 
■ f 2 to 8 weeks. Twelve to eighteen months after the last 
Inoculation! further 0.5 ,1 of the vaccine is subcutaneously 
inoculated to each of the infants. 





